Nigella sativa has been used as traditional medicine for centuries. The crude oil and thymoquinone (TQ) extracted from its seeds and oil are effective against many diseases like cancer, cardiovascular complications, diabetes, asthma, kidney disease etc. It is effective against cancer in blood system, lung, kidney, liver, prostate, breast, cervix, skin with much safety. The molecular mechanisms behind its anticancer role is still not clearly understood, however, some studies showed that TQ has antioxidant role and improves body's defense system, induces apoptosis and controls Akt pathway. Although the anti-cancer activity of N. sativa components was recognized thousands of years ago but proper scientific research with this important traditional medicine is a history of last 2~3 decades. There are not so many research works done with this important traditional medicine and very few reports exist in the scientific database. In this article, we have summarized the actions of TQ and crude oil of N. sativa against different cancers with their molecular mechanisms.
Introduction
Cancer is one of the major threats of modern life, which is considered as the second cause of death after myocardial infarction (Grundy, 1991) . Millions of people die every year in different types of cancer despite tremendous efforts to find methods of control and cure. In the last century, great advances were made in modern medical science to control disease. But many diseases like cancers are not yet curable fully. To find out new and authentic therapies, scientists are working with traditional or folk medicines in parallel of modern medicine. Nigella sativa has been used for medicinal purposes for centuries. It originated from Southeastern Asia and also used in ancient Egypt, Greece, Middle East and Africa. In Islam, it is regarded as one of the greatest forms of healing medicine available (Nigella-sativa-research.com, 2010; Wikipedia, 2010) . It is a flowering plant, of which seed is used as a spice. The seed is called black cumin in English, while in old Latin it was called 'Panacea' meaning 'cure all'; in Arabic it is termed as 'Habbah Sawda' or 'Habbat el Baraka' translated as 'Seeds of blessing'. It is also known as 'Kalo jeera' (in Bangladesh), 'Kalonji' (in India) and 'Hak Jung Chou' in (China) . Both seeds and oil extracted from this plant are used in medicinal purposes.
The active ingredients of N. sativa have beneficial effects against many diseases, including cancers. For example, it is effective in the diminishing the risk of atherosclerosis by decreasing the serum low density lipoprotein cholesterol level and increasing the serum high density lipoprotein cholesterol levels (Dahri et al., 2005; Nader et al., 2010) ; it exerts therapeutic and protective effect in diabetes by decreasing morphological changes and preserving pancreatic beta-cell integrity (Kanter et al., 2009 ) and by beneficially changing the hepatic enzyme activities (Pari and Sankaranarayanan, 2009) ; it is effective against hypertension (Khattab and Nagi, 2007; Dehkordi and Kamkhah, 2008) ; it has a potent antihistaminic effect on airways of asthmatic patients (Boskabady et al., 2010) ; its components are promising agents to complement schistosomiasis specific treatment (El Shenawy et al., 2008); its oil protects kidney tissue against oxygen free radicals, preventing renal dysfunction and morphological abnormalities Uz et al., 2008; Ragheb et al., 2009 ). For thousands of year, the seeds, oils and extracts of N. sativa have been used as an anticancer agent by Unani, Ayurveda and the Chinese system of medicine that have originated from the Arab, Ind-Bangla and China, respectively. The modern scientific research with the investigation of anticancer activity of N. sativa is a comparatively recent affair (for the last 2~3 decades). There are not so many research works done in this field and very few review articles exist in this area. We have searched the scientific databases like Pubmed, Web of Science and Google scholar and summarized the current scientific information about the anticancer activities of N. sativa with mechanisms of action.
Role of N. sativa as an anticancer agent
Many active ingredients have been found in the seeds of N. sativa. The seeds contain both fixed and essential oils, proteins, alkaloids and saponin (Ali and Blunden, 2003) . Ghosheh et al. (1999) Figure 1a) . Moreover, TQ is a relatively safe compound, particularly when given orally to experimental animals (Al- Ali et al., 2008) . Alpha (α)-hederin, a pentacyclic triterpene saponin (structure: Figure  1b) isolated from the seeds of N. sativa, was also reported to have potent in vivo antitumor activity (Swamy and Huat, 2003) . 
Blood Cancer
El-Mahdy et al. (2005) reported that TQ exhibits anti-proliferative effect in human myeloblastic leukemia HL-60 cells. Derivatives of TQ bearing terpene-terminated 6-alkyl residues were tested in HL-60 cells and 518A2 melanoma by Effenberger et al. (2010) . They found the derivatives induce apoptosis associated with DNA laddering, a decrease in mitochondrial membrane potential and a slight increase in reactive oxygen species. Swamy and Huat (2003) observed that α-hederin also induced death of murine leukemia P388 cells by a dose-and time-dependent increase in apoptosis.
Breast Cancer
Aqueous and alcohol extracts of N. sativa were found to be effective in vitro in inactivating MCF-7 breast cancer cells (Farah and Begum, 2003) . N. sativa, in combination with melatonin and retinoic acid reduced the carcinogenic effects of DMBA (7, 12-di-methylbenz(a)anthracene) in mammary carcinoma of rats (El-Aziz et al., 2005). Terpene-terminated 6-alkyl residues of TQ were tested in MCF-7/Topo breast carcinoma by Effenberger et al. (2010) . They found the derivatives inducing cell death by apoptosis.
Colon Cancer
Gali-Muhtasib et al. (2004) suggested that TQ is anti-neoplastic and pro-apoptotic against colon cancer cell line HCT116. Salim and Fukushima (2003) demonstrated that the volatile oil of N. sativa has the ability to inhibit colon carcinogenesis of rats in the post-initiation stage, with no evident adverse side effects. Norwood et al. (2006) suggested TQ as chemotherapeutic agent on SW-626 colon cancer cells, in potency, which is similar to 5-flurouracil in action. However, on HT-29 (colon adenocarcinoma) cell, no effect of TQ was found (Rooney and Ryan, 2005) .
Pancreatic Cancer
Chehl et al. (2009) showed that TQ, the major constituent of N. sativa oil extract, induced apoptosis and inhibited proliferation in PDA (pancreatic ductal adenocarcinoma) cells. They also suggested TQ as a novel inhibitor of pro-inflammatory pathways, which provides a promising strategy that combines anti-inflammatory and proapoptotic modes of action. TQ also can abrogate gemcitabine-or oxaliplatin-induced activation of NF-kappa B, resulting in the chemosensitization of pancreatic tumors to conventional therapeutics (Banerjee et 
Hepatic Cancer
The cytotoxic activity of N. sativa seed was tested on the human hepatoma HepG2 cell line by Thabrew et al. (2005) , and 88% inhibitory effect on HepG2 was found after 24-hr incubation with different concentrations (0-50 mg/ml) of the N. sativa extract. Nagi and Almakki (2009) reported that oral administration of TQ is effective in increasing the activities of quinone reductase and glutathione transferase and makes TQ a promising prophylactic agent against chemical carcinogenesis and toxicity in hepatic cancer
Lung Cancer
Swamy and Huat (2003) mentioned the antitumor activity of α-hederin from N. sativa against LL/2 (Lewis Lung carcinoma) in BDF1 mice. Also, Mabrouk et al. (2002) showed that supplementation of diet with honey and N. sativa has a protective effect against MNU (methylnitrosourea)-induced oxidative stress, inflammatory response and carcinogenesis in lung, skin and colon. However, Rooney and Ryan (2005) reported that α-hederin and TQ, the two principal bioactive constituents of N. sativa enhance neither cytotoxicity nor apoptosis in A549 (lung carcinoma), HEp-2 (larynx epidermoid carcinoma) cells. 
Skin cancer

Renal Cancer
Khan and Sultana (2005) reported the chemo-preventive effect of N. sativa against ferric nitrilotriacetate (Fe-NTA)-induced renal oxidative stress, hyper-proliferative response and renal carcinogenesis. Treatment of rats orally with N. sativa (50 -100 mg/kg body wt) resulted in significant decrease in H 2 O 2 generation, DNA synthesis and incidence of tumors.
Prostate Cancer
TQ, from N. sativa, inhibited DNA synthesis, proliferation, and viability of cancerous (LNCaP, C4-B, DU145, and PC-3) but not non-cancerous (BPH-1) prostate epithelial cells by down-regulating AR (androgen receptor) and E2F-1 (a transcription doi: 10.4314/ajtcam.v8i5S.10 factor) (Kaseb et al., 2007) . In this study, they suggested TQ as effective in treating hormone-sensitive as well as hormonerefractory prostate cancer. Yi et al. (2008) found that TQ blocked angiogenesis in vitro and in vivo, prevented tumor angiogenesis in a xenograft human prostate cancer (PC3) model in mouse, and inhibited human prostate tumor growth at low dosage with almost no chemotoxic side effects. Furthermore, they observed that endothelial cells were more sensitive to TQ-induced cell apoptosis, cell proliferation, and migration inhibition compared with PC3 cancer cells. TQ also inhibited vascular endothelial growth factor-induced extracellular signal-regulated kinase activation but showed no inhibitory effects on vascular endothelial growth factor receptor 2 activation. . Radiotherapy is one of the most common strategies for treating human cancers but this treatment is somehow risky for normal tissue. Cemek et al. (2006) showed that N. sativa and glutathione treatment significantly antagonize the effects of radiation. Therefore, N. sativa may be a beneficial agent in protection against ionizing radiation-related tissue injury. Assayed (2010) investigated the radio-protective potential of N. sativa crude oil against hemopoietic adverse effects of gamma irradiation. He found that irradiation resulted in significant reduction in hemolysin antibodies titers and delayed type hypersensitivity reaction of irradiated rats, in addition to significant leukopenia and significant decrease in plasma total protein and globulin concentration and depletion of lymphoid follicles of spleen and thymus gland. Furthermore, there was a significant increase in malondialdehyde concentration with a significant decrease in plasma GPx, CAT and erythrocyte SOD activities. But oral administration of N. sativa oil before irradiation considerably normalized all the abovementioned criteria; and produced significant regeneration in spleen and thymus lymphoid follicles. Thus N. sativa oil is recognized as a promising natural radioprotective agent against immunosuppressive and oxidative effects of ionizing radiation.
Cervical Cancer
Concluding remarks
The anti-cancer activities of N. sativa components were recognized thousands of years ago but proper scientific research with this important traditional medicine is a very recent story. More research works should be emphasized behind this because it is a safe and promising anticancer agent. Specially, researchers should investigate the active ingredients more broadly, because, there is very few authentic reports about the chemical composition of seeds or oil of N. sativa exist. Also, the exact molecular mechanisms of thymoquinone and other components on different cancers should be investigated with more emphasis because current understandings are mostly unclear. For example, it is reported that N. sativa oil can protect cells from radiation, but the molecular mechanisms behind this is not properly understood. Currently, in some parts of the world, there is a renaissance of interest in traditional remedies. Many investigators now believe that traditional medicine is a promising source of new therapeutics against cancer. Extensive research with N. sativa may contribute to the discovery of new anticancer strategies.
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